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Objective: This study was conducted to verify the efficacy of external valvuloplasty of the femoral vein in the treatment of
primary chronic venous insufficiency (PCVI).
Methods: Forty patients with PCVI of the bilateral lower extremities were enrolled at the time of surgical management. All
80 limbs were classified as CEAP C2 to C4, with moderate incompetence of the deep vein. The limbs of each patient were
randomized into one of two groups according to the operative method, so that when one limb was randomized to group
A, regardless of whether it was the right or left limb, the other limb was assigned to group B. In group A, external
valvuloplasty of the femoral vein was combined with surgery of the superficial venous system; in group B, surgery of the
superficial venous system alone was performed. The therapeutic effects between the limbs in groups A and B were
compared by color duplex scanning, a color Doppler velocity profile, air plethysmography (APG), and a CEAP severity
score at 1 month, 1 year, and 3 years postoperatively.
Results:Within each group of limbs, no significant differences were found in the average operative time within each group
of limbs. The varicose veins resolved, there were no deep vein thromboses, and the wounds healed well postoperatively in
all cases. Leg heaviness was relieved completely in 90% of group A limbs (36/40) and 55% of group B limbs (22/40).
Venous valve competence was achieved in 100%, 98.1%, and 90.9% of group A limbs at 1 month, 1 year, and 3 years
postoperatively, respectively. The amount of venous reflux, APG indices, and CEAP severity scores were not significantly
different between the two groups preoperatively (P > .05). The amount of venous reflux, reflux indices, CEAP severity
scores, and muscle pumping indices improved markedly in group A limbs postoperatively compared with group B limbs
(P < .01); muscle pumping indices did not improve significantly in group B limbs postoperatively (P > .05). There were
significant differences in the amount of venous reflux, reflux indices, and CEAP severity scores between group A and B
limbs at 1 month and 1 year postoperatively (P < .01). There were significant differences in all parameters assessed
between group A and B limbs 3 years postoperatively (P < .05).
Conclusions: External valvuloplasty of the femoral vein combined with surgical repair of the superficial venous system
improved the hemodynamic status of the lower limbs, restored valvular function more effectively, and achieved better
outcomes than surgical repair of the superficial venous system alone. (J Vasc Surg 2006;44:1296-1300.)Chronic venous insufficiency (CVI) can be caused by
femoral vein or deep vein insufficiency, or a combination of
the two. Since Kistner1 introduced the concept of primary
venous valve incompetence of the leg, additional studies have
revealed that deep vein valve incompetence is the major cause
of primary chronic venous insufficiency (PCVI),2 especially in
those who are classified with CEAP class 4 higher.
Various reconstruction procedures of the deep vein
valve have been developed during the past 20 years,
including valvuloplasty, venous valve transplantation or
transposition, external vein valve wrapping, and constric-
tion procedures.3-5 Some clinicians have questioned the
significance of valvular reconstruction of the deep vein
valves, however, believing that traditional high ligation and
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1296stripping of the great saphenous vein, combined with elim-
ination of the varicose veins of the legs, can improve the
valvular function of the deep vein.6-9
In an effort to verify the effect to deep vein valve
reconstruction in the management of CVI, we conducted a
prospective, randomized clinical study that compared the
postoperative hemodynamic changes in the lower extrem-
ities of patients with PCVI to evaluate the therapeutic
efficacy of external valvuloplasty of the femoral veins.
MATERIALS AND METHODS
Study design. This was a prospective, randomized,
self-controlled clinical study that was conducted in the
Vascular Surgery Center between January 1998 and De-
cember 2001. The study was approved by the hospital
Ethics Committee. During the 4 years the current study
was conducted,800 patients with CVI were treated in the
department. Further, 400 patients underwent varicose
vein procedures, and approximately 200 external valvulo-
plasties were performed. The coronary artery disease sever-
ity scoring of the CEAP classification, with a maximum of
34 points derived from the clinical, anatomic, and disability
scores10 was used to quantify the severity of disease, and the
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informed consent was obtained from all participants.
Enrollment criteria. The patients were all 70 years
old, had PCVI of the bilateral lower extremities, and agreed
to undergo simultaneous repair of both extremities. The
patients were CEAP clinical class 2 to 4 with grade 3
reflux1,11 of the deep veins, had a reflux time 0.5 seconds,
and were thus candidates for surgery.10 The definitions of
the CEAP classes are presented in Table I.11
The diagnosis was confirmed in all cases by color duplex
scanning, air plethysmography (APG), or venography. Ve-
nographywas performedonlywhen the result of the APGwas
inconclusive. To document the degree of valve reflux, 23 of
the 40 patientsunderwent descending phlebography before
surgery. Ten of the 23 underwent descending phlebogra-
phy 1 month postoperatively. The results obtained with
descending phlebography were generally similar to the
results of color duplex scanning. Because the study subjects
all had PCVI, their etiologic (E), anatomic (A), and patho-
physiologic (P) classifications were the same.
Exclusion criteria. Exclusion criteria included an af-
fected limb with a CEAP clinical class of 5 or 6 (to eliminate
the confounding effect from the perforating veins), patients
with postthrombotic venous insufficiency, pregnancy, cur-
rent anticoagulation therapy, serious arterial occlusive dis-
ease of the lower extremity, malignant tumors, and serious
cardiac, pulmonary, hematologic, or central nervous system
disease.
Method of randomization and procedure. Each of
40 subjects drew lots twice under the observation of the
researchers. One lot was to determine the operative proce-
dure, and the other was to determine the leg for the
procedure. When one limb was randomized to group A,
regardless of whether it was the right or left limb, the other
limb was assigned to group B. Consequently, the demo-
graphic data for each group were identical. Three patients
declined to draw lots and were excluded from the study.
Group A, the “repaired valve group,” consisted of 40
limbs in which external valvuloplasty of the femoral vein
was combined with high ligation and stripping of the great
saphenous vein and percutaneous continuous circumsu-
ture12 of the varicose veins of the leg. The superficial
varicose veins were thus occluded by ligation and circum-
Table I. Definitions for CEAP grades11
Grade Definition
0 Normal valve competence; no reflux is demonstrated
beyond the upper limit of the femoral vein
1 Minimal incompetence; reflux exists beyond the
uppermost valve in the femoral vein, but not
beyond the proximal aspect of the thigh
2 Mild incompetence; reflux occurs in the femoral vein
to the level of the knee
3 Moderate incompetence; reflux occurs below the knee
4 Severe incompetence; reflux occurs into the pair calf
veins to the level of the anklesuture. Our modification of external valvuloplasty was fol-lowed, in which intermittent sutures were replaced with
continuous double suture.13 The advantage of so doing
was to replicate and reinforce the commissural lines of the
first valves on the venous wall of the femoral vein. Valve
competence was demonstrated during the operation by
compressing the common femoral vein and manually emp-
tying the vein 3 to 5 cm proximal and distal to the suture,
after which the proximal compression was released. The
prompt filling of the femoral vein distally to the level of the
valve with an empty vein below was considered an indica-
tion of competence.14 If venous reflux was impeded at the
proximal end of the first valves and the vein was patent, the
repair was considered successful.
Group B, the “nonrepaired valve group,” consisted of
40 limbs that underwent high ligation and stripping of the
great saphenous vein and percutaneous continuous circum-
suture of the varicose veins of the leg.
Anticoagulation was not administered postoperatively,
and compression stockings were not used.
Research blindness. The patients, technical personnel
performing the APG or color duplex analysis, and data ana-
lysts, but not the surgeons, were blinded to the operative
procedure performed. Another clinician who did not partici-
pate in the surgical procedure measured the clinical scores.
Patient data. Forty patients (25 men, 15 women)
with PCVI of the bilateral lower extremities volunteered to
enter the study. Their median age was 49 years (range, 35
to 70 years). The duration of symptomatic PCVI was
between 1 and 31 years. All patients had painful leg heavi-
ness, and were confirmed to have valvular incompetence of
the deep veins (grade 3 reflux)1 by color duplex scanning,
APG, or venography of the lower extremities.
The CEAP severity score was used to evaluate the
severity of the disease before and after surgery. Color
duplex ultrasound scanning was used to assess the func-
tional status of the valve. If the reflux time was0.5 second
and the reflux occurred below the level of the knee, the
repair was considered unsuccessful. The amount of venous
reflux was determined by color Doppler velocity profile, an
ideal method for hemodynamic studies because the instant
velocity profile automatically measures flow volume.15 Two
points, A and B, are set in themaximum cross-section of the
vessel, forming a detection line in which each point corre-
sponds to every color signal of velocity. The color Doppler
velocity profile automatically draws every instant flow ve-
locity profile map and calculates instant average velocities,
diameters, and flow volumes.
Air plethysmography was used to calculate the venous
filling index (VFI), the ejection fraction (EF), and the
reserve volume fraction (RVF); these tests were performed
1 month, 1 year, and 3 years postoperatively.
Color Doppler velocity profiles (Aloka SSD 2000,
Aloka Corporation, Tokyo, Japan) were performed with
patients in a standing position, doing the Valsalva maneu-
ver while breathing calmly.15 The transient state of the
velocity profile was sketched automatically, and the amount
of venous reflux was calculated on the basis of the advanced
profile-measuring principle. In all patients, three measure-
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(the first valve of the femoral vein), the middle thigh, the
lower thigh, and the popliteal fossa (popliteal valve)—from
which the mean value was calculated.
The APG test (ACI 1000, ACIMedical, San Francisco,
Calif) was performedwith the patients standing on the foot of
the leg being tested and exercising by standing on their toes.
The mean value was calculated from three measurements.
Statisticalmethods. Thedata are expressed asmeans
SD, and the matched data were analyzed with paired t tests.
RESULTS
Between January 1998 and December 2002, 40 pa-
tients underwent surgical treatment of PCVI under epi-
dural anesthesia, with 40 limbs each randomized to group
A and group B. In all cases, follow-up was terminated 3
years after surgery.
The varicosities were eliminated or regressed in all limbs
postoperatively. Further, no deep vein thrombosis occurred in
either limb in either group, and the surgical incisions all healed
well. The patients’ primary complaints—leg heaviness and
pain—resolved completely in 90% of group A (36/40) and
in 55% of group B (22/40). The rates of femoral vein valve
competence were 100% at 1 month, 98.1% at 1 year, and
90.9% 3 years after surgery. Postoperatively, in group B
there was persistent valve incompetence and the reflux time
was0.5 seconds No patient deaths were recorded during
the follow-up period.
In group A, compared with the preoperative baseline
data, the amount of venous reflux, the VFI, and the CEAP
severity scores 1 month, 1 year, and 3 years postoperatively,
and the EF and RVF 1 year and 3 years postoperatively were
significantly less (P  .01). This indicated that the combi-
nation of valvuloplasty of the femoral vein and stripping
and elimination of the superficial venous system of the leg
improved the clinical symptoms and muscle pumping func-
tion and significantly improved the hemodynamic status of
the patients (Table II).
In group B, compared with the preoperative baseline
data, the amount of venous reflux, the VFI, and the CEAP
severity scores were significantly less postoperatively
(P .01), but the EF and RVF were not significantly differ-
ent (P .05). This indicated that surgery of the superficial
venous system improved clinical symptoms and reduced the
reflux of the deep veins but did not improve muscle-
pumping function (Table II).
Before surgery, no significant differences were noted
between the limbs in groups A and B with respect to the
amount of venous reflux, VFI, EF, RVF, and CEAP severity
scores (F  2.89, 1.63, 2.01, 0.55, and 3.10, respectively;
P  .05 for all). There were, however, significant differ-
ences in the amount of venous reflux, the VFI, and CEAP
severity scores between the limbs in groups A and B 1
month and 1 year postoperatively (P .01). No significant
differences were found in EF and RVF between the two
groups at the same time periods (P  .05), indicating that
the repaired valve group had a significant reduction invenous reflux but that muscle-pumping function early after
surgery was not significantly improved (Table II).
Repeated measures analysis of variance demonstrated
significant differences in the amount of venous reflux, the
VFI, EF, RVF, and CEAP severity scores between groups A
and B 3 years postoperatively (P .05), indicating that the
repaired valve group experienced a greater effect in the
sustained reduction of deep vein reflux and showed greater
improvement in muscle pumping at a later stage than the
nonrepaired valve group (Table II).
Deep vein reflux grading for all limbs was evaluated
with color duplex scanning 3 years postoperatively. Using
the classification scheme as described,1 25 limbs in group A
were at grades 0 to 1, 14 limbs were grade 2, and 1 limb had
grade 3 reflux; and 12 limbs in group B were at grade 2 and
28 limbs had grade 3 reflux. These findings indicated
significant differences between groups A and B (P  .05).
DISCUSSION
The surgical techniques currently in use for the treat-
ment of CVI can be divided into two groups:
1. phlebotomy, including internal valvuloplasty, valve trans-
plantation, valve transposition, and transplantation of a
Table II. Comparison of hemodynamic indices
Hemodynamic indices Group A Group B P
Before surgery (baseline)
Reflux volume
(mL/min) 84.4  29.2 79.2  4.3 .62
VFI (mL/s) 14.3  5.7 14.3  4.8 .96
EF (%) 44.4  12.2 39.9  15.8 .45
RVF (%) 59.6  11.1 61.1  16.1 .78
CEAP severity score 18.1  4.4 17.8  3.4 .88
1 month after surgery
Reflux volume
(mL/min) 41.2  18.1† 64.4  2.7† .01*
VFI (mL/s) 6.8  2.7† 9.6  3.7† .01*
EF (%) 49.5  10.3 42.0  13.2 .13
RVF (%) 52.3  10.4 57.1  12.3 .61
CEAP severity score 7.5  1.6† 12.5  2.8† .01*
1 year after surgery
Reflux volume
(mL/min) 40.4  18.2† 66.6  2.8† .01*
VFI (mL/s) 6.3  2.6† 9.3  3.9† .01*
EF (%) 50.8  10.1† 42.2  12.2 .05*
RVF (%) 50.4  10.2† 56.1  12.7 .60
CEAP severity score 6.2  1.7† 11.2  1.9† .01*
3 years after surgery
Reflux volume
(mL/min) 43.0  19.1† 68.7  2.1† .01*
VFI (mL/s) 5.7  2.7† 10.8  3.3† .01*
EF (%) 55.2  9.8† 41.9  12.9 .01*
RVF (%) 46.6  9.2† 57.7  12.8 .05*
CEAP severity score 5.2  1.6† 9.2  2.6† .01*
VFI, Venous filling index; EF, ejection fraction; RVF, reserve volume
fraction.
Data are presented as mean  SD.
*Statistically significant, compared between group A and B by paired t tests.
†Statistical significance at P  .01 compared with baseline (before surgery)
by paired t tests.cryopreserved allograft valve and neovalve, and
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valve wrapping, ringing, circumsuturing, the Psathakis
procedure, external valvuloplasty, and a percutaneously
placed external support device.
These procedures are directed at correcting the reflux
caused by deep vein valve insufficiency, whereas reflux of
the deep veins usually coexists with the reflux of the super-
ficial and perforating veins. It has been reported that10%
of patients with severe CVI have deep vein insufficiency
alone and that 46% of patients have reflux of the superficial
veins or perforating vein insufficiency, or both.3
For a better therapeutic effect andmore effective reduc-
tion of venous hypertension, procedures involving the su-
perficial and perforating veins are usually combined with
deep vein valve reconstruction. It is therefore difficult to
evaluate the efficacy of corrective surgery of deep venous
reflux because it is hard to discriminate the effects of
surgery involving the deep veins from the effects of surgery
involving the superficial or perforating veins.
Data representing5 years of follow-up have indicated
that internal or external valvuloplasty is effective for 70% of
patients, with clinical improvement in symptoms, restora-
tion of venous valve function, improvement of hemody-
namic indices, and no recurrence of ulcers.3 Nevertheless,
some clinicians have different opinions about valvuloplasty
of the deep veins:
● Shami et al16 reported that CVI was confined to the
superficial venous system in just over half of the pa-
tients with venous ulceration.
● Padberg et al6 reported that surgery for the superficial
veins improved clinical symptoms and promoted heal-
ing of associated ulcers.
● Walsh et al7 reported that in 29 limbs in 21 patients
with reflux of the femoral and great saphenous veins
diagnosed preoperatively, reflux involving the deep
veins was abolished in 27 limbs by stripping of the
great saphenous vein alone.
● Ting et al8 concluded that surgery of the superficial
veins should be the first line of treatment for those
limbs shown to have combined deep and superficial
venous insufficiency, and reconstructive surgery of the
deep veins should be reserved for those patients who
had poor therapeutic results after surgery of the super-
ficial veins. The underlying rationale for this recom-
mendation is that reflux of blood along the great
saphenous vein can re-enter the deep venous system
through the perforating veins, increasing the burden
of the deep veins and inducing the dilation and length-
ening of the deep veins, ultimately causing damage to
valve function. Stripping of the great saphenous vein
with resection of varicose veins can abolish the reflux
and improve deep vein function.
Despite the aforementioned studies, many clinicians
support reconstructive surgery of the deep vein valves.
Makarova et al17 reported that for those CVI patients
who increased in severity more than one class within 5years, progression of the disease was closely related to the
presence of femoral vein reflux and increasing great saphe-
nous vein reflux. For those patients, surgery of the superfi-
cial vein neither corrected nor prevented reflux of the
femoral vein from progressing further. Surgery of the su-
perficial veins, combined with repair of one valve of the
femoral vein, greatly improves the long-term therapeutic
effects in these patients, and surgical correction of the
incompetent femoral vein valve changes the course of pri-
mary CVI.
Hardy et al18 concluded that valvuloplasty combined
with surgery of the superficial veins may produce a moder-
ate and sustained improvement for 7 to 10 years after
surgery in patients with mild-to-moderate CVI caused by
primary valvular insufficiency.
Tripathi et al19 reported that valvular reconstruction
for reflux disease was effective in healing venous ulcers that
were recalcitrant to conservative management and surgery
of the superficial or perforate veins. These procedures ap-
peared more promising for primary than for secondary
insufficiency.
The current study was a prospective randomized study
designed to evaluate the effect of valvular reconstruction of
the deep veins in patients with CVI. Study subjects had
bilateral grade 3 reflux1,11 of the deep vein, and one of two
operative procedures was performed on each lower limb.
External valvuloplasty of the deep veins combined with sur-
gery of the superficial veins was performed on one lower limb,
and surgery limited to the superficial veins was performed on
the other lower limb. We used a series of imaging and hemo-
dynamic studies to confirm that the lower limb that under-
went external valvuloplasty of the deep veins, compared
with the limb without external valvuloplasty, resulted in
superior improvement of self-perceived symptoms, venous
reflux grading, amount of venous reflux, APG, and CEAP
severity scores. Clearly, the results indicated that external
valvuloplasty of the deep veins is effective in the treatment
of patients with CVI.
We chose the first valve of the femoral vein for the
external valvuloplasty because the position of the valve is
constant, the structure is firm, and it is the first barrier
against reflux. Kistner20 introduced external valvuloplasty
without direct visualization in 1990. The technique is
simple and useful, and it does not injure the intima of the
vein. Perrin et al21 reported the results of external valvulo-
plasty after a follow-up period of 1 to 12 years. Repair of the
valve was successful in 65% of patients, and the recurrence
rate of venous ulcers was only 30%, which is comparable to
internal valvuloplasty.
Our patients underwent the modified external valvulo-
plasty. Instead of intermittent suture, we used continuous
suture to strengthen the commissural lines of the valves on
the wall. We began treating patients with grades 3 and 4
reflux1,11 of the deep veins by this modified operation in
1996, and the clinical results have been quite satisfactory.22
The effects of external valvuloplasty of the deep veins
on the hemodynamic changes of the lower extremities were
evaluated and compared before and after surgery with
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cause our study excluded patients with venous obstruction,
RVF was used to evaluate ejection capacity against venous
reflux in the limbs with deep venous insufficiency.23 The
EF and RVF improved, and the CEAP severity scores were
reduced significantly, indicating that our surgical proce-
dure not only repaired the valves anatomically but also
improved venous valvular function. The results also con-
firmed the hypothesis that insufficiency of the deep and
superficial veins plays an important role in the pathogenesis
of CVI of the lower limbs.
CONCLUSION
Valvuloplasty of the deep veins should be preferentially
offered to patients with valvular insufficiency of the deep
veins with abundant and severe reflux. Combining valvulo-
plasty with surgery of the superficial veins can achieve a
superior therapeutic outcome.
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